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Summary. I investigated sibling-sibling recognition 
in captive thirteen-lined ground squirrels (Spermo- 
philus tridecemlineatus) by cross-fostering lab-born 
pups shortly after birth. When young reached 
about 45 days of age, I observed dyadic interac- 
tions in a test arena of pairs from four relatedness 
X rearing groups, and recorded the frequency of 
"exploratory" encounters between individuals. 
Sibs-reared together and nonsibs-reared together 
exhibited significantly fewer exploratory en- 
counters than either sibs-reared apart or nonsibs- 
reared apart. Young reared together were equally 
exploratory, regardless of relatedness; similarly, 
young reared apart, whether they were sibs or non- 
sibs, showed similar levels of exploration. Thus, 
the differential treatment of siblings in the lab ap- 
pears to be based on rearing association and not 
genetic relatedness per se. I interpret this recogni- 
tion based on association (rearing familiarity) in 
the context of the species' social organization and 
compare my results on S. tridecemlineatus with 
similar studies on S. beldingi, S. parryii, and S. ri- 
chardsonii. I also used an olfactory impairment 
technique (zinc sulfate) and found that differential 
treatment in thirteen-lined ground squirrels was in- 
fluenced by olfactory cues. 
Introduction 
Kin recognition abilities represent a group of prox- 
imal mechanisms used in the differential treatment 
of conspecifics. Such mechanisms are important 
to Hamilton's kin selection hypothesis (Hamilton 
1964, 1972; West Eberhard 1975; Holmes and 
Sherman 1983), and may also be important for 
the avoidance of extreme inbreeding (Dewsbury 
1982; Hoogland 1982) or for achieving a balance 
between inbreeding and outbreeding (Bateson 
1980, 1982, 1983; Shields 1982). 
Genetic relatedness underlies many aspects of 
social behavior in the genus Spermophilus (Family: 
Sciuridae; reviewed in Michener 1983). For exam- 
ple, kinship affects spatial relationships (Dunford 
1977a; Michener 1979, 1981; Sherman 1980, 
1981a; McLean 1982, 1984; Murie and Harris 
1984; Vestal and McCarley 1984), the frequency 
of amicable and agonistic interactions (Michener 
1973, 1981; Sherman 1980, 1981b; McLean 1982, 
1984; Davis 1984), the likelihood of emitting alarm 
calls (Dunford 1977b; Sherman 1977; Schwag- 
meyer 1980), and the antagonists involved in infan- 
ticide (McLean 1982, 1983; Sherman 1981b). 
In addition to field research on Spermophilus, 
studies have also been conducted to uncover the 
abilities and mechanisms that underlie the differen- 
tial treatment of kin. Experimental work has been 
done on (1)dam-offspring (S. riehardsonii: Mi- 
chener and Sheppard 1972; Michener 1974; 
S. beldingi: Holmes and Sherman 1982), (2)si- 
bling-sibling (S. richardsonii: Sheppard and Yo- 
shida 1971 ; Davis 198;2; S. parryii and S. beldingi: 
Holmes and Sherman 1982), and (3) littermate ma- 
ternal half-sibling recognition (S. beldingi: Holmes 
and Sherman 1982). Identification appears to be 
based on association (e.g., a shared rearing envi- 
ronment) in some cases (dam-offspring in S. ri- 
chardsonii and S. beldingi), but recognition in the 
near absence (<  24 h) of postnatal association has 
also been reported (sib-sib in S. richardsonii, 
S. parryii, and S. beld&gi). For littermate maternal 
half-sisters in S. beldingi, both association and re- 
latedness seem to influence discrimination. 
Holmes and Sherman (1982, 1983) described 
four proximal mechanisms by which kin can be 
identified (see also Hamilton 1964; Alexander 
1979; H611dobler and[ Michener 1980; Sherman 
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1980; Bekof f  1981). (1) Spatial  d is t r ibut ion - indi- 
viduals  recognize locat ions  ra ther  than  relatives so 
tha t  kin are favored  as a result  o f  locat ion-specif ic  
behav io r  [e.g., the ear ly paren ta l  care o f  young  
conf ined to the nest  in some  av ian  species ( H o o g -  
land  and  She rman  1976; Bur t t  1977; Beecher et al. 
1981)]. (2) Assoc ia t ion  - relatives are identified as 
" f a m i l i a r "  conspecifics (not  as kin per  se) tha t  as- 
sociated in " a p p r o p r i a t e "  social c i rcumstances  
[i.e., those  in which relatedness is no t  obscured  
by  the in t rus ion o f  unre la ted  (or unequal ly  related) 
conspecifics]. F o r  example ,  na ta l  and  rear ing envi- 
r onmen t s  (nests, bur rows ,  or terri tories) m a y  facili- 
ta te  kin ident i f icat ion by  associa t ion  (Sheppard  
and  Yosh ida  1971; Michener  and  Sheppa rd  1972; 
Michener  1974; Por t e r  e t a l .  1978; Por te r  and  
Wyr ick  1979). Cross-foster ing,  in which unequal ly  
related conspecifics associate  dur ing rearing,  is a 
technique to invest igate  sib recogni t ion by  the as- 
sociat ion m e c h a n i s m  (e.g., Por te r  et al. 1981), and  
it is used here (see below).  (3) Pheno type  ma tch ing  
- an  individual  learns some aspect  o f  its own  phe-  
no type  or the pheno types  o f  famil iar  relatives. 
Later ,  the individual  ma tches  the learned " t e m -  
p l a t e "  against  the p h e n o t y p e  o f  a conspecif ic tha t  
it has not  prev ious ly  encounte red  (Lacy  and  Sher- 
m a n  1983). The  m e c h a n i s m  requires a cor re la t ion  
between pheno typ ic  and  genotypic  similari ty 
(Car t e r -Sa l t zman  and  Sca r r -Sa lapa tek  1975) and  
tha t  pheno typ ic  trai ts  learned under  one set o f  cir- 
cumstances  are r e m e m b e r e d  and  used subsequent ly  
(Buckle and  Greenbe rg  1981). (4) Recogni t ion  al- 
leles - relatives are identified as a result  o f  alleles 
(or alleles t ightly l inked to them)  tha t  have  three 
jo in t  effects: the expression o f  a pheno typ ic  
marke r ,  the percep t ion  o f  the m a r k e r  in others ,  
and  the d ispensa t ion  o f  assistance to possessors  
of  the marke r .  Cons ide ra t ion  o f  recogni t ion  alleles 
has  been  m o r e  a long theoret ical  than  empir ical  
lines ( H a m i l t o n  1964; Alexander  and  Borgia  1978; 
Alexander  1979; Ridley and  G r a f e n  1981; D a w -  
kins 1982; Roths te in  and  Barash  1983). An  empir i -  
ca l  search for  such alleles is great ly  compl ica ted  
by  the possibil i ty o f  p h e n o t y p e  ma tch ing  against  
one ' s  own p h e n o t y p e  [Salzen and  Cornel l  1968; 
Vidal  1982; but  see Blaustein (1983)]. 
Here ,  I p resent  l a b o r a t o r y  da ta  on kin recogni-  
t ion in thir teen-l ined g round  squirrels (S. tridecem- 
lineatus). By cross-foster ing newborns ,  I examined  
how genetic relatedness and  rear ing associa t ion  af- 
fected sibling-sibling recogni t ion  in captive,  juve-  
nile g r o u n d  squirrels. M y  rear ing and  testing p ro -  
cedure fo l lowed H o l m e s  and  S he rm an  (1982) as 
closely as possible  to facil i tate inter-specific com-  
par isons .  In  addi t ion,  I used an o l fac to ry- impai r -  
m e n t  technique (zinc sulfate) to de termine  if olfac- 
to ry  cues were i m p o r t a n t  to the ident if icat ion pro-  
cess. Field studies (considered below) o f  S. tride- 
cemlineatus, S. beldingi, S. parryii, and  S. richard- 
sonii r epor t  differences in social o rgan iza t ion  (e.g., 
spat ial  relat ionships,  f requency  o f  interact ions,  
t r ea tmen t  of  kin) tha t  m a y  bear  on inter-specific 
differences in recogni t ion  abilities. 
M a t e r i a l s  a n d  m e t h o d s  
Subjects, cross-fostering, and rearing. Thirteen female S. tride- 
cemlineatus were live-trapped (11-15 May, 1982) at the Univer- 
sity of Michigan's Matthaei Botanical Gardens near Ann Ar- 
bor, Michigan. Each female was brought into the laboratory 
and housed individually in a stainless steel cage 
(50x 15• 12cm) that contained a plywood nestbox 
(25 x 15 x 12 cm) filled with wood shavings and fitted with a 
removable top. Purina mouse breeder chow and water were 
available ad libitum, and lettuce was supplied two or three 
times per week. Cages were positioned on racks in a 6.1 m 2 
colony room, maintained at about 20 ~ C under a 14L: 10D pho- 
toperiod. 
Ten of the 13 females gave birth [~=6.4+0.6 (SE) pups/ 
litter; n=29 male and 35 female pups; 20-27 May, 1982] as 
revealed by daily and sometimes twice daily inspection of nest- 
boxes. Within 24 h of birth, newborns were sexed, weighed, 
and toe-clipped for permanent identification. 
Cross-fostering of pups between dams created four related- 
ness x rearing groups for later recognition tests (see Fig. 1, 
Holmes and Sherman 1982). When two females produced litters 
less than 56 h apart (8 of 10 females), two or three pups were 
taken from each female (6-10 h after the birth of the second 
litter) and interchanged to create four kinds of dyads (hereafter 
four "groups ") : (1) sibs-reared together (S.RT.), (2) sibs-reared 
apart (S.RA.), (3)nonsibs-reared together (NS.RT.), and 
(4) nonsibs-reared apart (NS.RA.). Hereafter, I use "familiar" 
to refer to pups that were reared together, regardless of their 
genetic relatedness, and "unfamiliar" to refer to pups that were 
reared apart, both sibs and nonsibs. 
After pup-exchange (which took ca. 15 min) was completed 
for a pair of dams, pups and dams were returned to females' 
cages in their nestboxes. Fostering did not result in differential 
mortality (own versus foster pups), and both kinds of pups 
reached similar weights by weaning (P>0.1). Two dams pro- 
duced litters when no other females were available for cross- 
fostering (i.e., within the arbitrary 56 h limit). Their young were 
handled as if being fostered, including toe-clipping, and re- 
turned to their nestboxes, later to be tested in S.RT. or NS.RA. 
groups. 
Pups remained with their biological or foster dam and their 
cagemates until testing at about 48 days of age (young were 
weaned at 25-30 days of age). At about 33 days of age, one 
or two spots of hair dye were applied to each juvenile (young 
>__ 30 days of age) so that one animal could be distinguished 
from the other during a dyadic test. However, several juveniles 
shared similar spots so that dye did not indicate an animal's 
individual or group identity. When both members of a test 
pair were marked similarly, body size was used to distinguish 
them. About one week prior to testing, each ground squirrel 
was placed alone in the test arena (below) for 30-45 rain and 
allowed to explore freely before being returned to its home 
cage. 
To describe subjects in this study properly, "siblings" 
refers to uterine (or littermate) siblings (full- or maternal half- 
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sibs) because female thirteen-lined ground squirrels are fre- 
quently mounted by more than one male during estrus, al- 
though it is not known if litters contain offspring sired by more 
than one male (Schwagmeyer 1984). Movement patterns of 
male and female S. tridecemlineatus during the breeding season 
have not been described, but a male in the population from 
which my subjects came typically has a home burrow less than 
100 m from home burrows of females he mates (Schwagmeyer 
1979). Because pups were transferred between dams trapped 
more than 350 m apart, it seems unlikely that litters were sired 
by the same male. 
Testing for recognition. Recognition abilities were examined by 
observing pairs of juveniles interact for a 5-rain period in a 
1 m 3 plywood arena, with a plexiglass front and an opaque 
dividing partition. Before testing began, each juvenile was 
placed individually in a numbered holding cage where it re- 
mained for 30-50 rain when other pairs were being tested. Num- 
bered cages allowed laboratory assistants to bring pairs into 
the test room in a random order and prevented me (the observer 
during all tests) from knowing a pair's identity. 
To start a test, two ground squirrels were carried from 
the colony room into the test room in holding cages, and one 
was placed on each side of the arena's dividing partition. I 
observed the arena, illuminated by two overhead 100 W light 
bulbs, from behind an opaque screen with a viewing slit cut 
in it. To increase the likelihood that both animals would be 
active in the arena, I waited until each ground squirrel touched 
all four sides of its half of the arena during a 3-rain pre-test 
period (96% of all animals placed in the arena). Then I lifted 
the dividing partition by a rope and pulley system and gave 
animals 5 min to interact. The 5-rain period began when body 
contact occurred or when one animal oriented its body toward 
the other in one of several postures (below). 
During a test, I described (into a tape recorder) all instances 
of social exploration (below), including the initiator and the 
time when each interaction occurred. Among free-living thir- 
teen-lined ground squirrels, newly emerged juveniles remain as- 
sociated with their nestmates for the first 7-14 days above- 
ground, and then begin interacting regularly with other juve- 
niles living near-by (Rongstad 1965; McCarley 1966; Schwag- 
meyer 1979). These interactions include frequent nose-to-nose, 
nose-to-mouth, nose-to-head, nose-to-body, and nose-to-anus 
contact, which I refer to as "exploratory encounters" [defini- 
tions and descriptions of these behaviors in congeners are in 
Sheppard and Yoshida (1971), Betts (1976), and Steiner (1970)]. 
In studies of  other species, kin recognition has been in- 
ferred when individuals (or classes of them) treat each other 
differentially according to their genetic relatedness. For exam- 
ple, the tendency to swim toward (Blaustein and O'Hara/981) ,  
to school with (Waldman and Adler 1979), to allow passage 
to (Greenberg .1979), and to avoid biting (Breed /983; Getz 
and Smith 1983) close kin over non- or more distant kin have 
all been used in lab studies of  recognition. Here, I used the 
combined frequency of the five kinds of  exploratory interactions 
(above) as a behavioral measure for "recognition." Prolonged 
(>  3 s) exploratory encounters might be considered "neutra l"  
or "cohesive," but these occurred infrequently ( < 8 %  of all 
interactions averaged over four groups) and were not included 
in analyses. I almost never observed "agonistic" interactions 
[e.g., paw swipe, lateral, lunge strike (Holmes and Sherman 
1982)] and rarely did I see "'cohesive" encounters [e.g., allo- 
grooming, crawl over (Sheppard and Yoshida 1971)]. 
Sample sizes were constrained by two factors once pups 
were weaned. First, I tested approximately equal numbers of 
male-male, male-female, and female-female pairs in each group 
(Table 1). Second, I minimized the number of times one individ- 
ual was tested as a member of more than one pair in the same 
group. I was least successful in doing this for the NS.RT. group 
in which 3 of 19 pairs included the same individual. On the 
other hand, 50 of the 56 animals were used as a member of 
a pair in two or more d~ferent groups. 
Juveniles were tested at 48.5_+ 2.5 d of age (mean_+ SE) and 
a weight of 61.7_ 2.0 g. In the field, juveniles of this age would 
be living in or near their natal area and interacting with their 
nestmates and non-nestmates (Rongstad 1965; McCarley 1966; 
Schwagmeyer 1979). There were no significant differences in age 
or weight at testing across the four groups (P>  0.1 ANOVAs). 
Arena tests were conducted between 30 June and 11 July, 1982, 
and each pair was tested only once as earlier work (Holmes 
and Sherman 1982) found that pairs' behavior was stable over 
repeated tests at 5-day intervals. 
Zinc sulfate treatment. After juveniles' first arena tests, I used 
zinc sulfate to impair olf~,ction. Intranasal injection of zinc sul- 
fate causes necrosis and sloughing off of the nasal epithelium 
and appears to induce peripheral "anosmia"  in several species 
(Alberts 1974). However, I will refer to animals that have been 
olfactorily " impaired" (behaviorally verified as described be- 
low) because "anosmia"  has a variety of meanings (Murphy 
1976). 
I administered zinc sulfate to 12 pairs of familiar and 
12 pairs of unfamiliar young (6 sibling and 6 nonsibling pairs 
in the familiar and unfamiliar group). At about 60 d of age, 
each animal was lightly anesthetized with ether and placed on 
its back in an inclined (ca. 30 ~ ) position with its head lowered. 
A blunted 23 ga. needle was used to inject approximately 0.1 ml 
of 5% zinc sulfate in 0.9% saline into each nostril. Excess solu- 
tion was aspirated at the external nares. An equal number o f  
juveniles was treated like the impaired subjects, but was injected 
with 0.9% saline (the control group). Following treatment, each 
animal was placed individually in a cage for 24 h before being 
returned to its home cage. Three or four days after treatment, 
pairs of impaired and control animals were tested in the arena 
as described above. During tests, I did not know animals' group 
or individual identity. 
Olfactory impairment was assessed independently by plac- 
ing one animal at a time in the test arena 24-48 h after its 
paired-encounter test. Two perforated metal lids (53 cm diame- 
ter) were attached to the arena, one covering a jar of peanut 
butter, a highly preferred food, and the other covering an empty 
container. Animals administered zinc sulfate spent significantly 
(P < 0.001) less time near ( < 5 cm) the peanut butter lid (contin- 
uous sampling dm'ing a 2-rain test period) than did the controls 
(2 = 19 _ 7.0 s versus 2 = 7'5 _+ 8.3 s, respectively). Impaired and 
control animals' times near the empty container's lid did not 
differ significantly (P > 0. I). 
Data analysis. The mean (__+ SE) number per pair of all explora- 
tory interactions combined is reported for each group. These 
means were compared with a one-way analysis of variance 
(ANOVA), followed by Scheffb's test to compare each possible 
pair of means between groups (e.g., S.RT. vs S.RA.). Scheff6's 
test allows post hoc comparisons between groups' means that 
are not independent and controls ~ for the fact that multiple 
comparisons are made. Two-sample comparisons were made 
with t-tests. Because between-group variance was high in a few 
cases, I also conducted nonparametric tests (e.g., Kruskal-Wal- 
lis ANOVA, Mann-Whitney U) on ai1 data. Results were identi- 
cal (significant or not significant) for all parametric and non- 
parametric tests so only parametric results are presented. In 
all cases, differences were considered significant if P<0.05;  P 
values are reported in the text and figures. 
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Results 
There was a significant difference across the four 
groups in the mean number of  exploratory en- 
counters during the arena tests ( P <  0.001, 
ANOVA, Fig. 1). Contrasts between pairs of  
groups with Scheff6's tests revealed that a familiar- 
ity effect (and not one of genetic relatedness) ac- 
counted for the across-groups difference. Juveniles 
reared together, both sibs and nonsibs, showed sig- 
nificantly fewer exploratory encounters than both 
sib and nonsib pairs reared apart (Fig. 1). More- 
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Fig. 1. The mean ( •  frequency of exploratory encounters 
recorded during 5-min dyadic tests of  captive juvenile thirteen- 
lined ground squirrels. Numbers of  pairs tested are shown in- 
side bars. Cross-fostering produced the four relatedness X rear- 
ing groups: sibs-reared together (S.RT.), sibs-reared apart  
(S.RA.), nonsibs-reared together (NS.RT.), and nonsibs-reared 
apart  (NS.RA.). The F value is based on a oneway ANOVA;  
P values from Scheff6's contrasts are shown for comparisons 
between particular groups. For  example, S.RT. were signifi- 
cantly less exploratory than NS.RA. at P<0.001 ,  whereas 
S.RT. did not  differ significantly ( P =  0.68) from NS.RT. 
did not differ significantly in frequencies of explo- 
ratory interactions (P>0.1).  I also examined 
whether or not familiar pairs reared in " p u r e "  lit- 
ters (sibs only, no in-fostering) differed in explora- 
tory encounters from those reared in "mixed"  lit- 
ters (sibs and nonsibs) and found no significant 
difference between " p u r e "  and "mixed"  litters 
( P > 0 . 1 ) .  
Having found a familiarity effect (young reared 
together), I compared the frequency of exploratory 
interactions during the first minute versus the last 
minute of the arena test for both familiar (reared 
together) and unfamiliar (reared apart) pairs. For 
familiar pairs (n = 39, sibs and nonsibs combined), 
the mean number of exploratory encounters during 
the first minute (2=2 .5•  was significantly 
greater (P<0.01)  than the mean number during 
the last minute 07 = 0.6 + 0.1). In contrast, for unfa- 
miliar pairs (n=37,  sibs and nonsibs combined), 
there was no significant change ( P >  0.1) in fre- 
quency from the first (ff = 2.3 ___ 0.1) to the last (2 = 
2.0 • 0.2) minute. 
I did not analyze exploratory interactions ac- 
cording to the sex of the pair tested within each 
group because the sample sizes seemed inadequate 
to draw valid conclusions in some instances. How- 
ever, when pairs in the four groups are partitioned 
by sex, no clear differences appear within or be- 
tween the groups due to sex (Table 1). 
Treatment with zinc sulfate altered ground 
squirrels' interactions in the test arena (Fig. 2). 
First, for both familiar and unfamiliar pairs, the 
frequency of exploratory encounters after treat- 
ment was significantly lower than before treatment 
(P < 0.001). This result is based on tests of  the same 
individuals before and after administration of zinc 
sulfate. (Data from sibling and nonsibling pairs 
were combined for familiar and unfamiliar pairs 
because tests described above showed no effect of  
genetic relatedness.) Second, in a comparison of 
familiar pairs with unfamiliar pairs, there was no 
significant difference ( P >  0.1) in levels of  explora- 
tion after treatment with zinc sulfate, whereas a 
significant difference (P<0.001) did exist before 
treatment. 
Table 1. The frequency of exploratory encounters between captive male-male (m-m), male-female (m-J), and female-female (f-j) 
thirteen-lined ground squirrels during 5-min dyadic tests 
Sibs-reared together Sibs-reared apart  Nonsibs-reared together Nonsibs-reared apart  
m-m m-f  f-f m-m m-f f-f m-m m-f f-f m-m m-f f-f 
2 6.7 6.2 6.4 10.5 9.0 8.2 6.0 7.0 6.7 9.8 10.5 8.2 
SE 0.5 0.9 1.0 0.7 0.5 1.3 0.9 0.6 1.1 1.1 0.5 0.3 
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Fig. 2. The effect of olfactory impairment (zinc sulfate) on the 
mean (+SE)  frequency of exploratory encounters during 
dyadic tests of juvenile thirteen-lined ground squirrels reared 
together or reared apart. Numbers of pairs tested are indicated 
inside bars. Shown are the frequencies of exploratory en- 
counters before treatment with zinc sulfate, after nasal injection 
of zinc sulfate, or after injection of saline (control). Also shown 
are P values for comparisons between particular groups based 
on t-tests. For example, for juveniles reared together, there were 
significantly fewer exploratory encounters (P<0.004) after the 
zinc sulfate treatment than before treatment 
Discussion 
Sibling recognition in S. tridecemlineatus 
Results (Fig. 1) suggest that identification of uter- 
ine siblings in captive thirteen-lined ground squir- 
rels is mediated by the association mechanism (see 
Introduction). Pups reared together, whether bio- 
logical or foster sibs, treated each other similarly, 
whereas pups reared apart, regardless of their rela- 
tedness to each other, engaged in numerous explo- 
ratory interactions (Fig. 1). Thus, differential 
treatment is based on rearing associations; there 
is no indication that genetic relatedness per se me- 
diates identification. In addition, neither in utero 
association nor early (<  56 h) postnatal associa- 
tion seem crucial to sibling recognition because no 
difference appeared between S.RA. and NS.RA. 
in their frequencies of exploratory interactions. Ju- 
veniles in the former group shared a common uter- 
ine and early postnatal environment, whereas 
NS.RA. shared neither. 
The effect of rearing association on differential 
treatment is also apparent from between-group 
comparisons of exploratory encounters that oc- 
curred during the first and last minute of arena 
tests. For familiar pairs, exploratory encounters 
were significantly less frequent during the last min- 
ute than the first minute. For unfamiliar pairs, in 
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contrast, the frequency did not change from the 
first to the last minute. One interpretation is that 
exploratory interactions help assess familiarity; 
past familiarity decreases exploratory interactions. 
On the other hand, if individuals do not recognize 
each other as familiar, exploratory interactions 
continue unabated as unfamiliar juveniles attempt 
to establish familiarity. Whereas this interpretation 
is post hoc, the important point is that the behavior 
of familiar and unfamiliar pairs differed. These dif- 
ferences are apparent when the frequency of all 
exploratory interactions are considered (Fig. 1), 
and also when one contrasts first-minute versus 
last-minute frequencies from familiar and unfamil- 
iar pairs. 
Interspecific comparisons of sibling recognition 
Sibling recognition mechanisms in S. beldingi and 
S. parryii have also been studied with a cross-fos- 
tering and testing procedure like that reported 
here. Holmes and Sherman (1982) found that in 
S. beldingi and S. parryii, pups reared together, 
whether biological or foster sibs, treated each other 
similarly, as in S. tridecemlineatus. In contrast to 
S. tridecemlineatus, ]however, S.RA. in S. beldingi 
and S. parryii interacted differently (fewer agon- 
istic encounters) than NS.RA. Specifically, unfa- 
miliar sister-sister pairs in both species were signifi- 
cantly less agonistic than unfamiliar, unrelated fe- 
male-female pairs, whereas relatedness did not lead 
to differential aggression in male-male or male- 
female pairs (Figs. 3 and 5 in Holmes and Sherman 
1982). The authors suggested that rearing associa- 
tion alone did not explain sibling recognition in 
lab tests and that perhaps an additional mecha- 
nism was operating - phenotype matching against 
nestmates' phenotypes or their own phenotype (see 
Introduction). However, insufficient data were 
available to examine thoroughly the phenotype 
matching hypothesis. 
Arena tests have also been employed to investi- 
gate sibling recognition in captive Richardson's 
ground squirrels. Sheppard and Yoshida (1971) 
found little agonistic and frequent cohesive behav- 
ior for S.RT. compared to NS.RA. Cross-fostering 
was not used in their study. On the other hand, 
Davis (1982) did cross-foster S. richardsonii and 
reported that S.RT. approached each other more 
often and "kissed" (naso-oral contact) more often 
than NS.RT. He also found that S.RA. remained 
closer to each other, contacted each other more 
often, and remained in contact longer than 
NS.RA. All sex-of-pair dyads were combined in 
Davis' analyses. In regard to a recognition mecha- 
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nism, he pointed out that a "genetic recognition 
system," intra-uterine effects, imprinting, and fa- 
miliarity based on rearing associations may all 
have influenced pairs' arena behavior. 
Differences in pre-test association among cage- 
mates make it difficult to compare sibling recogni- 
tion by S. richardsonii (i.e., Davis 1982) with the 
three other species of ground squirrels that have 
been cross-fostered in the laboratory. Cagemates 
were housed together until shortly before testing 
in S. tridecemlineatus and S. parryii. Cagemate 
S. beldingi were housed together until being put 
individually into the coldroom to hibernate and 
were then tested (7 months later) shortly after be- 
ing taken from the coldroom. [Sibling recognition 
could not be tested in juvenile S. beldingi as ex- 
plained in Holmes and Sherman (1982)]. Finally, 
cagemate S. richardsonii lived together until about 
35 days of age, but were then housed individually 
for approximately 75 d until they were tested. The 
75 days of social isolation experienced by S. ri- 
ehardsonii during the non-hibernation season pre- 
cludes comparisons with the other three species 
that were not comparably isolated. In fact, Davis 
(1982) indic~ttes that it is difficult to draw infer- 
ences from laboratory results about the basis for 
sibling recognition in free-living S. richardsonii be- 
cause prolonged social isolation during the active 
season is not characteristic of juveniles in the wild 
(Davis 1984; Michener 1981). 
Social organization and sibling recognition 
Multi-season behavioral studies of individually 
recognizable, free-living S. tridecemlineatus are 
rare. In a 3-year study of a marked population 
in Michigan (the same population from which my 
subjects came), Schwagmeyer (1979) reported that 
preferential treatment of individuals was restricted 
to a few categories of conspecifics (dam-offspring 
and littermate pairs) and was confined to a short 
period of time (a few weeks after juvenile emer- 
gence from natal burrows). Schwagmeyer (1980) 
focused on alarm calls; she found that they were 
given almost exclusively by dams during the 
3-week period after emergence of their litters or 
by littermates themselves, despi te  adult females 
having their female kin living within audible range 
of calls all summer. In addition, social interactions 
among littermates occurred most frequently during 
the early post-emergence period as littermates 
established separate burrow systems 3-4weeks 
after coming aboveground. Former nestmates did 
not appear to treat each other preferentially at one 
or more years of age even though their home 
ranges overlapped (Schwagmeyer 1979). 
If the spatial and behavioral relationships de- 
scribed by Schwagmeyer (1979, 1980) characterize 
other populations of thirteen-lined ground squir- 
rels (McCarley 1966; Wistrand 1974; Vestal and 
McCarley 1984), recognition by association is an 
adequate mechanism to mediate the differential 
treatment of uterine siblings in this species. If natal 
burrows are not infiltrated by juveniles unrelated 
to residents, nestmates can learn each others' iden- 
tity during their period of association and later 
discriminate sibs (i.e., nestmates) from nonsibs 
(i.e., nonnestmates). Social interactions that occur 
just prior to the time when asymmetrically related 
young first interact would be most crucial to the 
ontogeny of sibling identification in S. tridecemlin- 
eatus if this species fits the pattern seen in other 
organisms (e.g., Beer 1970; Michener 1974; 
Beecher et al. 1981; Holmes and Sherman 1982). 
Bekoff (1981) has discussed in detail the relation- 
ship between rearing familiarity and kin recogni- 
tion. Although it is not known if the multiple mat- 
ing that occurs in S. tridecemlineatus (Schwag- 
meyer 1984) results in multiple insemination [as 
in S. beldingi (Hanken and Sherman 1981)], dis- 
crimination of full- from maternal half-sibs, if it 
occurs, would probably not be based on the associ- 
ation mechanism, because these relatives share 
both a common uterine and natal burrow environ- 
ment. 
It is not yet possible to present a fine-grained 
analysis for any taxon of how inter-specific differ- 
ences in kin recognition might parallel differences 
in species' social systems. However, a preliminary 
picture may be emerging for some ground squir- 
rels. In populations of S. beldingi (Sherman 1977, 
1980, 1981a, 1981b), S. parryii (McLean 1982, 
1984), and S. richardsonii (Yeaton 1972; Michener 
1973, 1979, 1981; Michener and Michener 1977; 
Davis 1984), spatial association and home range 
overlap are greater and social interactions more 
frequent between female group members than be- 
tween female S. tridecemlineatus. Thus, one finds 
that more complex recognition abilities (i.e., those 
that are not based simply on familiarity learned 
during association) parallel increased social com- 
plexity, as measured by spatial association and the 
frequency of social encounters. 
Olfaction and sibling recognition 
Olfaction mediates social relationships in several 
ground squirrel species (Kivett et al. 1976; Harris 
and Murie 1982) and it appears critical to sibling 
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identif icat ion in S. tridecernlineatus. The recogni-  
t ion process  depends  on  bo th  the p roduc t i on  of  
pheno types  tha t  m a k e  individuals (or g roups  o f  
individuals)  distinct and  the d iscr iminat ion o f  
those pheno types  by individuals a t t empt ing  to 
identify conspecifics. A l though  the p roduc t ion  
c o m p o n e n t  was not  addressed  here (see Beecher 
1982; Lacy  and  S he rm an  1983 for  recent  t reat-  
ments  of  the p roduc t ion  componen t ) ,  the olfacto-  
r y - impa i rmen t  technique reveals someth ing  abou t  
the d iscr iminat ion componen t .  Pr ior  to t rea tment ,  
famil iar  young  were less exp lo ra to ry  than  unfamil -  
iar young  (Fig. 1), and  sibling recogni t ion was in- 
ferred on the basis o f  this be tween-group  difference 
in exp lo ra to ry  interact ions.  Fol lowing  t rea tment ,  
however ,  the be tween-group  difference disap- 
pea red  as exp lo ra to ry  interact ions d r o p p e d  to 
a b o u t  equal  levels for  bo th  famil iar  and  unfami l ia r  
pairs  (Fig. 2). Thus,  differential  t r ea tmen t  did not  
occur  when olfact ion was impaired,  as verified in- 
dependent ly  by  the peanu t  bu t te r  preference test 
(see Methods) .  Because impa i red  animals  ate food  
and  gained weight  like contro l  subjects, because 
impa i red  animals  exhibi ted species-typical social 
interact ions dur ing a rena  tests (albeit at  a reduced 
rate), and  because  I could not  readily dist inguish 
impa i red  f r o m  cont ro l  animals  dur ing casual  ob- 
servat ions in the co lony  room,  it is unlikely tha t  
impa i red  animals  were s imply ill and  thus reduced 
their f requency  o f  exp lo ra to ry  encounters  because 
o f  a general  malaise.  Whereas  the i m p a i r m e n t  ex- 
pe r iment  reveals the impor t ance  o f  o l fac tory  cues 
it does no t  indicate the c o m p o n e n t  o f  olfact ion 
(e.g., the p r i m a r y  o l fac tory  system, the v o m e r o n a -  
sal system) tha t  media tes  recognit ion,  because the 
destruct ive effects o f  zinc sulfate on the o l fac tory  
system require histological  verif icat ion (Winans 
and  Powers  1977). 
Other  species can  also identify siblings with ol- 
fac tory  cues as d e m o n s t r a t e d  experimental ly .  Cas-  
cade f rog  tadpoles  (Rana caseadae) associate  pre-  
ferential ly with sibs over  nonsibs  based  on water-  
bo rne  chemical  cues tha t  are p r o b a b l y  sensed by 
olfact ion or  taste (Blaustein and  O ' H a r a  1982). In-  
terpret ing da ta  f r o m  a zinc sulfate experiment ,  
Por te r  e t a l .  (1978) conclude tha t  spiny mice 
(Acomys cahirinus) identify their  sibs pr imar i ly  by  
o l fac tory  in format ion .  Ol fac tory  cues are even suf- 
ficient for  sibling recogni t ion in h u m a n s  (Por ter  
.and M o o r e  1981). 
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